y 



DAMPER MECHANISM AND DAMPER DISK ASSEMBLY 

BACKGROUND OF THE INVENTION 

This apfylifation is related to copending application Serial Wy^37^007j 
5 filed May 14, 2001 , g^^ assi^ed with the present i^yejiiioi^^^^ 

Field of the Invention 

[0001] The present invention generally relates to a damper mechanism and a damper 
disk assembly. More specifically, the present invention relates to a damper mechanism 
and a damper disk assembly for absorbing and attenuating torsional vibrations while 
1 0 transmitting torque. 

Background Information 

[0002] A clutch disk assembly used in a vehicle has a clutch function and damper 
function. The clutch function is provided to facilitate connecting to and disconnecting 
fi-om a flywheel. The damper function is provided to facilitate absorbing and attenuating 

15 torsional vibrations transmitted from the flywheel. Generally speaking, vibrations on a 
vehicle include idling noises (rattling), driving noises (acceleration/deceleration rattling, 
droning), and tip-in/tip-out or low frequency vibrations. Part of the damper function of the 
clutch disk assembly is provided to prevent these noises and vibrations. 
[0003] The idling noises relate to a rattling sound generated in the transmission that 

20 typically occurs when a driver shifts into neutral while waiting for the traffic signal to tum 
green, and releases the clutch pedal. The reason for this noise is due to a large torque 
fluctuation that occurs when the engine combusts as the engine torque remains low at the 
engine idling speed. At such a moment, the input gear and the counter gear in the 
transmission are subject to a tooth beating phenomenon. 
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[0004] Tip-in/tip-out or low frequency vibrations are due to a large body sway that 
occurs when the acceleration pedal is abruptly engaged and then released. When the 
rigidity of the drive train is low, a torque, which is transmitted to the tires, is fed backward 
from a tire side to the torque, and a backlash phenomenon results causing an excessive 
5 torque on the tires, which then results in a large transient forward/backward vibration of 
the body. 

[0005] Concerning the idling noise, critical torsional characteristics of the clutch disk 
assembly are in the zero torque neighborhoods. The torque therein should be as low as 
possible. On the other hand, it is necessary to make the torsional characteristics of the 

10 clutch disk assembly as rigid as possible in order to suppress the forward/backward 

vibration in the tip-in/tip-out phenomenon. In order to solve problems mentioned above, 
clutch disk assemblies with two stage characteristics having two kinds of spring members 
have been provided. In such a design, the torsional rigidity and the hysteresis torque in the 
first stage of the torsional characteristics (small torsional angle region) are kept low in 

1 5 order to achieve a noise suppression effect when idling. Since the torsional rigidity and 
the hysteresis torque are set high in the second stage of the torsional characteristics (large 
torsional angle region), the forward/backward vibration in tip-in/tip-out phenomenon can 
be sufficiently attenuated. Furthermore, a damper mechanism is also known which 
effectively absorbs minute torsional vibration in the second stage of the torsional 

20 characteristics by means of preventing the second stage large friction mechanism from 
operating when minute torsional vibrations resulting from fluctuations of engine 
combustion are supplied. 

[0006] As mentioned above, a spring member with a lower rigidity and a friction 
generating mechanism having a small friction resistance in order to have a lower torsional 
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rigidity and lower hysteresis torque during a first stage (small torsional angle region) in 
the torsional characteristics are known. ITie friction generating mechanism is, generally,^ 
composed of a friction washer and a _spring member for ufcging the friction washer against 
fhe hub in the axial direction. In tiM parts is increased and the 

5 structure becomes copiplicated. Furtheirnpre,^^t^^ to accomodate the frictioti 

generating mechanism is forge: In addition/the sfi^cture fo securing a rotatixinafl gqp 
prevent operation of the friction generating mecj^ to minute tQrsic>nai 

ivibration is Cdmplieatedi 

[0007] In view of the above, it will be apparent to those skilled in the art from this 
10 disclosure that there exists a need for an improved damper mechanism or damper disk 

eissembly that absorbs and attenuates torsional vibrations while transmitting torque. This 

invention addresses this need in the art as well as other needs, which will become apparent 

to those skilled in the art from this disclosure. 

SUMMARY OF THE INVENTION 
1 5 pOOS] An object of the present invention-is -to ^provide a simple structure in a clamper 

mechanism, which absorbs and attenuate s minute torsi onal vibration during idling! 

A damper mechanism in accordance with a first^jM^ aspect of the present 

inyention absorbs and atte^^ minute to rsiona l vib rations in a damper disk assembly; 

that transmits torque in a vehicle. TThe dam mechanism includes a first rotating 
20 member, a second rotating^ n^^^^ a plate member.- The second rotating meMbjer is 

disposed relatively rotataSb]^ to the first rot^^ a limited angles i|ief|at€: 

member extends in the rotational dipjction aiM facing in the radial 

direction. The plate niember is pushed by the first rditatihg member in the rotational 
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direction to slide against the second rotating member when the first and second rotating 
members rotate relative to each other, thereby generating Sction resistance. 

in this damper mechanism, when minute torsionpivwh^ are input to the 
damper disk assembly during idling, the first rotating Mtm^ rotating 
5 menjber rotate relative to each ptiher. Thus, the plate ineniber is pushed by the first rotating 
giginb^ slide5 against t^^ second ix)tatmg nk^flafe jife fiictipnal 
fesis^yaqe^ .^s^resji^ vibrations are quickl y dam pened. Use of th^ 

jips member simplifies the daJmper xnechanism liimiber of 

paits] 

1 0 ii:^ I L -Li^Ma^ in accordance with a second aspect of^thej3resei^ invention 

is Jhe damper mg the first aspect, vv|ierein the plate?: m^ preferably held 

b ^ th^ ^cbhliotating memb e r sucli that rbtatiohal 
dkection when the first rotating member pushes the.platejme^^ the plate 

SE^S^^isJfeld^^^ second rotkthig meinber, ffie space "M;fe merhber is isrnaii 

15 ehoU^ 

L J . - A :^i^?Pl^ iR^chanism in accor dai ice vva^ a iMjlSfp^ invention ig 

fedamper^ or second aspects, wherein the plate member is 

prefyaMj^lteld the second rotatmgjmemb^ such that the plate m erriber is elasticailyi 
jdefermabie. fte plate member elasftie^ rotating 
20 member and slides against the second rotating member. ^ &M s structure, it is easy id 
set the amount of friction in the dainper mechanisin beca use fee plate member itself 
jdetermines load and friction coefficient of th^ ^W in the 

damper mechanism. 
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A damper mechanism in accordance with a fburtii_a§pect of the present invention is 
the damper mechanism of any of the first to third aspects^^wherein the second rotating 
member is preferably formed with a holding portion having^a groove. The groove extends 
jn the rotational dii^ction has opposite openings in the rotational direction. The plate; 
5 jmember is disposed in tiSe ^oove having a rotational direction jerigth longer than that of 
the groove^ jEtle fir|tf^ has a pair of c^ntactiportions dis on eacli 

i^otational directiQn sic|e of the holding portion. Th e contact portions can respectiveljj 
contact ends olMe jpto In this damper nleigh^^rft^ wheh^he fasi^totk^g 

member and ti^^^ merjiber rotate reiative to eachrother, the cpnta:ct portion 

1 0 of tile first rota^^ the end ofthe plate'rilefiKar siTliat the ^latefi^ber 

slides along the groove of the second rotating member^ one of the cpntactii PQiS^ 

?^uts ydthjthe Boldj^ng fe^^ relative rdtatidn beMeeiiji^e fi rst ro^^ ^^ member, and the 
secondf otatingii|^^ 

„ . „ A dam per inechams m in accord^aiice with a fiMi a sp^^^^^ of the pre sent invehti oA is 
1 5 ihe damper ihechamsmbf lie fourth aspect, whereiil ihpi^^ ^^^t^il^gtS 
between the pair of contact :portions is preferably Ipiigg r jbjka ^^^ 

lepgth of 1|^}p^ that a rotational dilution gap is secured at lea^tjb^tween 

one ofthe ends oi the T3>late member and one of Sie contact portions. In this damper 
mecfa^sm/M^ Spi ltKg iolaiional direction gap theMafe p^ 
20 second rotating^ member ^ the first rotating member and the seeqnd.rot^^ 
iNOtate relatiw^to lea^h^ because the rotational g§p is^ 
the ends of the plaSe member and one ofthe contac^^poMo^ In other wqMs,^ 
torsional angular range toy the first rotating member and tiie second rotating member j 
minute torsional vibrations corresponding to the rotational direction gap do not cause 
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•I i. 1 , 

friction resistance. As ai result, minute torsional vibration dampening performance is 
improved.; 

A daniper mechanism in accordance with a sixth aspect of the preserit invention is 
the daniper rne(^aioism of any of the previously mentioned aspec:ts^ that fel^rJias art 
5 elastic member. Tli^^la^^^^ member is compressed in the rotational directioii wlien the 
siii^seo^^ each other. T^ereforej, the m^ 

torsiond vibration during idling is quiek^ absorbed • 

A daMp[er^<^^ in Accordance with a seventh preferred^ 

present inventi^nrtrans^^ torque in a vehicle. The darnper disk assembly liai#^ a 
1 0 disk-lffie^^^^ mepha^ arid d damf er 

The disk-liketrcrta^ is disposed relatively rotatable to tiie hub:^^athin allrmted 

jangle: llie . elas tic feo mi ec ti o iti eclfaj|ism t elasti c#ly connects theliub iXviih^ifli^ 
rotating menlber in^^^^ damper mechanism absorbs agid 

attenuates minute torsionM vibrations^dxjring idling of ttie vehicle. The damp^ 
1 5 meqibamg^ an angular range vvhose range^orrr a^ zero^^^^ 

is smalifer fliata ^a^ which the elastic connection mechanism oper^ pieii ampeii 

mechanism includes a^ intermediate rotating menriber that is f iplatiVely rotatable tolihe tuifi 

in the rotational d ire ctM^^ 
si|fe<^ rnemi^is 1^ tihd 

20 rotational ejection tc^ intennediate rotating member, th^rebyjge^ 

frictional when tiie hub and intermediate rotating member rotate relative to> 

eacboi^rj 

In this damper disk assembly, when minute torsional vibrations are input tb the; 
damper disk assembly during idling, the hub and the intermediate rotating member rotate 
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relative to each other. Thus, the plate member is pushed by the hub and slides against the 
intermediate rotating member, thereby generating frictional resistance. A^^ the 
minute torsional vibration is quickly dampened. The plate member makes tiie dampei] 
mechanism simpler, decreasing titie number of parts. 

A (|ajnper idisk assen^ibly ip^cordance with an eighth aspect of the present 
irivei^ipn of tiie S(g^ aspect, wfaiereiii tiie plate member i$ 

preferably held by the intermediate rotating member such that tiie plate me mber c an move 
in the rotatiM the liub i)ushes the plate meniber. The space^ f^^ 

niember js^^ I^J'i^ intenii^iaiea^^^ 

rnemberJ 

' A dam per disk assemfely in accordance with a ninth aspect of the present invention 

is the damper disk a ssjsmbl y of^e js ei ghth aspects, Mfe3 ^iri; prefer£i^ ^ .plat^ 

Wenj^^ that the platejme^ 

ie$astic^iy defb The plate mehiber elastically urges itself iagainst the intefmediafd 
rotating memb^ againstjthe intermediate rotating meri 

it is easy jto^t |he amoiint olfrictiori in ffiet damper mechanis m be cause the plate membeji; 
Stgigif detei^^ of/&ie fiiotipn generating mechanism in 

the dampe r rne chanism J 

L A damper disk assemMy iin j^ witti a tenth aspect of 1h^^ 

is the damper disk assembly of any^th^ seventh to ninth aspects^ AAli^ein the 

intejmediate rotato ipi^^c^bly formed with a hoid^g;^portion hayin^^ 

Til? g?P?Y^ extends in the rotaliorifiM has opposite openmgs^in^e^^ 

direction. The plate member is disj^osed in the groove having a rotational direction length 

longer than that of the groove. The hub has a pair of contact portions disposed on each 



rotational direction side of the holding portion. The contact portions can respectively 
contact ends of the plate member. In this damper disk assembly, when the hub and the 
intermediate rotating member rotate relati^ve^ t^ ^ach oth% the contact portion of the hul^^ 
pushes the end of the plate member so thatthe plate member slide along the groove c)f Ihe 
5 intermediate rotating nieinber^ \^%en on^ abuts with the holdijotg 

portion, relative rot£ttion bet^en^^ i^int^*me^ stops^ 

i A damper disk assembly of the eleventh aspect is the damper disk assembly of the 

t^iith aspec^^ the rotatiorii^ directioii Ic^n^j tll b fetw^en tiie p^ of contact pbrti^^is 

preferably longer lAian the rotatioi^^ member, soiSi^ a 

1 0 rotat^^^^ gap Is secured at l east be ^een one^fttS^roM^ ends of the^^ 

member and one of the contact portions. In this damper disk assembly, the plate member 
io(|s not slide against rotating memfeer,\pti^ rotational gap wMljjhl 

KiiA and the i^termediate^^ rotate rc^ each other because thd 

iot^idhs^^ i s secured . at least behveen . one p^f the ehds . of the plate jiaeinber arid 6iif dl 

15 iie eontaGt portions. In other words, even in &e torsional angular range of the hub ^jp 
intern^ rotating iri^^biNi, mifi^ 

ga^ do not cause feictior^|rfsista^ Asjiai e^lt ^jiiiE^ torsional vibration danipeiiing 
pe^nn^ce is improved^ 

r A damper di^k ^simMy of the txvelith aspect c^lhe inventioii is ^ 

20 Idamper disk assembly of any one of th^ seyer&to^ that further inchides 

^elastic member. The :e]yastic m^ rotational direction whenj^ 

hub and intermediate rotating member rotate relative to each other. Therefore^jthe inS^^ 
torsional vibration during idling is quickly absorbed.: 
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[0009] These and other objects, features, aspects, and advantages of the present 
invention will become apparent to those skilled in the art from the following detailed 
description, which, taken in conjunction with the annexed drawings, discloses a preferred 
embodiment of the present invention. 
5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Referring now to the attached drawings which form a part of this original 
disclosure: 

Fig. 1 is a vertical cross-sectional view of a clutch disk assembly in accordance with 
a preferred embodiment of the present invention, taken from angle I - O ~ I in Fig. 3; 
10 Fig. 2 is a vertical cross-sectional view of the clutch disk assembly in accordance 

with the preferred embodiment of the present invention, taken from line segment II - O in 
Fig. 3; 

Fig. 3 is an elevational view of the clutch disk assembly of Fig. 1 with sections 
removed for illustrative purposes; 
15 Fig. 4 is an enlarged fragmentary view of Fig. 3 illustrating a partial elevational view 

of the clutch disk assembly; 

Fig. 5 is an alternate enlarged fragmentary view of Fig. 3 illustrating a partial 
elevational view of the clutch disk assembly; 

Fig. 6 is an enlarged fragmentary view of Fig. 2 illustrating a vertical cross-section 
20 of a friction generating mechanism of the clutch disk assembly; 

Fig. 7 is an enlarged fragmentary view of Fig. 1 illustrating a vertical cross-section 
of the friction generating mechanism; 

Fig. 8 is an enlarged fragmentary view of Fig. 1 illustrating a vertical cross-section 
of the friction generating mechanism; 
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Fig, 9 is a partial elevational view a second elastic member, a flange, and a plate of 
the clutch disk assembly of Fig. 1 illustrating the torsional angle relationship therebetween; 

Fig. 10 is a partial elevational view illustrating a first damper mechanism of the 
clutch disk assembly of Fig. 1; 
5 Fig. 1 1 is a view of a schematic drawing of a damper mechanism of the clutch disk 

assembly of Fig. 1; 

Fig. 12 is a view of a schematic drawing of the damper mechanism of the clutch disk 
assembly of Fig. 1; 

Fig. 1 3 is a view of a torque characteristic diagram of the clutch disk assembly of 

10 Fig. 1; 

Fig. 14 is an enlarged view oi' a first stage in fli e torsion aFcharacteristics of the 
jdtoc h d isk ass^ 

Fig. is is an eleyatiom^^ of a plate sprmg of the clutch disk assemWj^ in a fired 
sj^te in accordance with ar i a lternate embodiment of thje present invention! 
1^ 1 . . . Pigv 16 is an elevational view of the instdlei^^ Fig. 15 of the present 

igi/^ionJ 

I ; 1 Rg. 17 is ^ d<E^ai view ofa p|ate spring in a state in accordance with a 
third preferred ernbodiment of the present inventiqn;^d 
— ^ Fig-JSis 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Selected embodiments of the present invention will now be explained with 
reference to the drawings. It will be apparent to those skilled in the art fi-om this 
disclosure that the following descriptions of the embodiments of the present invention are 
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provided for illustration only and not for the purpose of limiting the invention as defined 
by the appended claims and their equivalents. 

A preferred embodiment will now be explained. 
( 1 ) Overall constitution 
5 [001 1] Fig. 1 and Fig. 2 are cross-sectional views of a clutch disk assembly 101 in 
accordance with a preferred embodiment of the present invention, and Fig. 3 is an 
elevational view of the same. The clutch disk assembly 101 is a power transmitting device 
used in a clutch device of a vehicle (especially a FF car), and has a clutch function and a 
damper function. The clutch function is provided to transmit and interrupt power by 

10 connecting and disconnecting with a flywheel (not shown). The damper function is 

provided to absorb and attenuate torque fluctuations supplied from the flywheel side by 
springs, etc. In Fig. 1 and Fig. 2, O-O represents the rotating axis of the clutch disk 
assembly 101. The engine and the flywheel (not shown) are located on the left side of Fig. 
1, and the transmission (not shown) is located on the right side of Fig. 1. Arrow Rl in Fig. 

15 3 represents the drive side (positive rotational direction) of the clutch disk assembly 101, 
while arrow R2 represents its opposite side (negative rotational side). Unless otherwise 
indicated, the "rotational (circxmiferential) direction," the "axial direction," and the "radial 
direction" mean each direction the clutch disk assembly 101 as a rotating member in the 
following explanation. 

20 [0012] As seen in Fig. 1, the clutch disk assembly 101 primarily is made of an input 
rotational member 102, an output rotational member 103, and an elastic cormection 
mechanism 104 located between the two rotational members 102 and 103. Also, these 
members constitute a damper mechanism that attenuates torsional vibrations while 
transmitting torque as well. 
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(2) Input rotational member 

[0013] The input rotational member 102 is a member that receives torque from the 
flywheel (not shown). The input rotational member 102 primarily is made of a clutch disk 
1 1 1, a clutch plate 112, and a retaining plate 113 (disk-like rotating members). The clutch 
5 disk 1 1 1 connects with the flywheel (not shown) when it is pressed against it. The clutch 
disk 1 1 1 includes cushioning plates 115 and a pair of friction facings 1 16 and 117 that are 
affixed on both sides thereof in the axial direction by rivets 118. 

[0014] The clutch plate 112 and the retaining plate 1 13 are preferably both metaUic 
circular and annular members and are arranged to maintain a certain distance between 

10 them in the axial direction. The clutch plate 1 12 is placed on the engine side of the 

assembly, and the retaining plate 1 13 is placed on the transmission side of the assembly. 
Stop pins 122 are provided on the outer periphery of the retaining plate 1 13 at multiple, 
preferably four, places, which are specifically spaced in the circumferential direction. The 
stop pins 122 are cylindrical members extending in the axial direction. Each stop pin 122 

15 is made of a barrel part 122a, neck parts 122b, and heads 122c. The barrel part 122a is 
interposed between the plates 112 and 1 13 in the axial direction. The neck parts 122b 
extend from both ends of the barrel part 122a and are arranged in holes 153 of the plates 

1 12 and 113. Further, the heads 122c abut with the outer axial sides of the plates 112 and 

1 13 in the axial direction. One side of the heads 122c is formed by caulking. The stop 
20 pins 122 ensure that the clutch plate 1 12 and the retaining plate 113 rotate together and 

determine the axial distance between the plates 112 and 113. The stop pins 122 affix the 
inner periphery of the cushioning plate 1 15 to the outer periphery of the clutch plate 112. 
The pin members of this invention are not limited in the structure or the shape of stop pins 
1 22 shown here. 



- 12- 



[00 1 5] Each of the clutch plate 1 1 2 and the retaining plate 1 1 3 have a center hole. A 
boss 107, to be described later, is placed inside the center holes. As seen in Fig, 3, the 
clutch plate 1 12 and the retaining plate 1 13 are each provided with multiple windows 141 
and 142 formed in the circumferential direction. The windows 141 and 142 have an 
5 identical or substantially identical shape and are formed at multiple, preferably four, 
places, which are equally spaced in the circumferential direction. Each of the windows 
141 and 142 has a shape extending substantially in the circumferential direction. The pair 
of windows 141 located apart from each other in the vertical direction in Fig. 3 and Fig. 4 
is called first windows 141, and the pair of windows 142 located apart from each other in 
10 the horizontal direction in Fig. 3 and Fig. 4 is called second windows 142. The windows 
141 and 142 have holes penetrating in the axial direction and a support part formed along 
the hole periphery. 

[0016] The supporting parts of the first windows 141 are made of an outer periphery 
supporting part 145, an inner periphery supporting part 146, and a rotational direction 

15 supporting part 147. In an elevational view, the outer periphery supporting part 145 is 

curved substantially in the circumferential direction, while the inner periphery supporting 
part 146 extends substantially straight. The rotational direction supporting part 147 
extends substantially straight in the radial direction, and is parallel or substantially parallel 
to a straight line passing through the center of the windows 141 and the center O of the 

20 clutch disk assembly 101 . The outer periphery support part 145 and the inner periphery 
support part 146 are both formed by raising other parts of the plate 1 12 or 1 13 in the axial 
direction, 

[0017] The supporting parts of the second windows 142 are made of an outer 
periphery supporting part 148, an inner periphery supporting part 149, and a rotational 
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direction supporting part 150. In an elevational view, the outer periphery supporting part 
148 is curved substantially in the circumferential direction, while the inner periphery 
supporting part 149 extends substantially straight. If a straight line connecting the centers 
of the first windows 141 in the rotational direction is called CI and a straight line 
5 perpendicular to it is called C2 as shown in Fig.3, a straight line C3 connecting the centers 
of the second windows 142 in the rotational direction is offset by a certain angle relative to 
straight line C2 by a certain angle on the rotational direction R2 side. In other words, each 
second window 142 is closer to the first window 141 on the rotational direction R2 side 
than toward the first window 141 on the rotational direction Rl side. The second windows 

10 142 are shorter than the first windows 141 both in terms of the rotational direction length 
and the radial direction width. Moreover, the inner radius of the second windows 142 is 
substantially equal to the inner radius of the first windows 141, but the outer diameter of 
the second windows 142 is smaller than the outer diameter of the first windows 141 . 
[001 8] The positions of the stop pins 122 on the plates 112 and 113 will be described 

15 below. The stop pins 122 are provided on the outer peripheries of the plates 112 and 1 13 
between the windows 141 and 142 in the rotational direction. More specifically, in a 
neutral state the stop pins 122 are located closer to the second windows 142 rather than to 
a midpoint between the windows 141 and 142. The radial positions of the stop pins 122 
are outward those of the outer edges of the second windows 142, although the radial 

20 positions of the stop pins 22 are radially inward of the outer edges of the first windows 
141. More specifically, even the radial positions of the innermost points of the stop pins 
122 are still outward of those of the outer edges of the second windows 142. 
[0019] As shown in Fig. 4, pin mounting holes 154 and 155 are provided on both sides 
in the rotational direction Rl of the stop pins 122 provided on the rotational direction R2 
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side of the first windows 141 on the clutch plate 1 12 and the retaining plate 113. In other 
words, there are preferably three holes 153 through 155 formed in a row in the rotational 
direction including a hole 153 in which the stop pin 122 is actually installed. The 
rotational direction angle between the pin installation holes 155 and 154 is 51 1, and the 
5 rotational direction angle between the pin installation holes 155 and 153 is 012. The pin 
mounting holes 157 are provided on the rotational direction R2 side of the stop pins 122 
provided on the rotational direction Rl side of the first windows 141 on the clutch plate 
1 12 and the retaining plate 113. In other words, there are two holes 156 and 157 formed 
in a row in the rotational direction including a hole 1 56 in which the stop pin 122 is 
10 actually installed. The rotational direction angle between pin installation holes 156 and 
157 is dl3. In this embodiment, the sizes of 01 1 through 013 are preferably the same and 
more preferably are equal or substantially equal to 9 degrees. 
(3) Output rotational member 

[0020] As seen in Fig. 1, the output rotational member 103 is provided to receive 
15 torque from the input rotational member 102 via the elastic connection mechanism 104 
and to supply torque to a transmission input shaft. The output rotational member 103 
primarily is made of a hub 106 (first rotating member). The hub 106 is made of a boss 
107 and a flange 108. 

[0021] The boss 107 is a tube like member placed in the center hole of the clutch plate 
20 112 and the retaining plate 113. The boss 107 forms a spline engagement with a 

transmission input shaft (not shown) inserted into the center hole. The flange 108 is a 
circular disk shape part formed integrally with the boss 107 on its outer periphery and 
extends outward. The flange 108 is located between the clutch plate 1 12 and the retaining 
plate 1 13 in the axial direction. The flange 108 is made of an armular-shaped inner 
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periphery part 108a located at its innermost side, and an outer periphery part 108b 
provided on its outer periphery side. 

[0022] As seen in Fig. 3, window openings 143 and 144 are formed in the outer 
periphery 108b of the flange 108 to correspond respectively with the windows 141 and 
5 142. In other words, multiple, preferably four, window openings 143 and 144 are formed 
along the circumferential direction in the same radial position as the windows 141 and 142. 
The pair of window openings 143 located apart from each other in the vertical direction in 
Fig. 3 and Fig. 5 is called first window openings 143, and the pair of window openings 
located apart from each other in the horizontal direction in Fig. 3 and Fig. 5 is called 

10 second window openings 144. Each window opening 143 is an opening punched through 
axially and extends in the circumferential direction. As seen in Fig. 5, each window 
opening 143 has an outer periphery supporting part 163, an inner periphery supporting part 
164, and a rotational direction supporting part 165. In an elevational view, the outer 
periphery supporting part 163 and the inner periphery supporting part 164 are curved in 

15 the circumferential direction. The rotational direction supporting part 165 extends 
substantially straight along the radial direction and, more specifically, the rotational 
direction supporting part 165 is parallel to a straight line connecting the center of the 
window opening 143 in the rotational direction and the center O of the clutch disk 
assembly 1 . The rotational direction supporting part 165 on the rotational direction Rl 

20 side has a rotational direction concave part 165a formed on the inner periphery side. The 
rotational direction concave part 165 a is slightly indented toward the rotational direction 
Rl side relative to the part on the outer periphery side. A radius direction concave part 
164a is formed in the middle of the inner periphery supporting part 164. The radius 
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direction concave part 164a is indented toward the inside of the radial direction relative to 
both sides in the rotational direction. 

[0023] The first windows 141 eire shorter than the first window openings 143 in the 
rotational direction. Consequently, the rotational direction supporting part 147 of the first 
5 window 141 on the rotational direction Rl side secures a rotational direction gap 139 (^15) 
between it and the rotational direction supporting part 165 of the first window opening 143 
on the rotational direction Rl side. Also, the rotational direction supporting part 147 of 
the first window 141 on the rotational direction R2 side secures a rotational direction gap 
138 (^6) between it and the rotational direction supporting part 165 of the first window 

10 opening 143 on the rotational direction R2 side. 

[0024] The second window opening 144 is an opening punched through axially and 
extends in the circumferential direction. Each window opening 144 has an outer periphery 
supporting part 167, an inner periphery supporting part 168, and a rotational direction 
supporting part 169. In an elevational view, the outer periphery supporting part 167 and 

15 the inner periphery supporting part 168 are curved along the circumferential direction. 

The rotational direction supporting part 169 extends substantially straight along the radial 
direction and, more specifically, the rotational direction supporting part 169 is parallel to a 
straight line connecting the center of the second window opening 144 in the rotational 
direction and the center O of the clutch disk assembly 1, The second windows 142 are 

20 shorter than the second window openings 144 in the rotational direction. Consequently, as 
seen in Fig. 9, the rotational direction supporting part 150 of the second window 142 on 
the rotational direction R2 side secures a rotational direction gap 140 (^16) between it and 
the rotational direction supporting part 169 of the second window opening 144 on the 
rotational direction R2 side. Referring again to Fig. 5, the rotational direction supporting 
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part 150 of the second window 142 on the rotational direction Rl side secures a rotational 
direction gap 137 (^5) of a specified angle between it and the rotational direction 
supporting part 169 of the second window opening 144 on the rotational direction Rl side. 
[0025] Notches 108c are formed on the outer periphery of the flange 108 for the stop 
5 pins 122 to pass through in an axial direction. Each notch 108c is located between each 
pair of window openings 143 and 144 in the rotational direction. Further, each stop pin 
122 is movable in the notch 108c in the rotational direction. The notches 108c are formed 
in between the radial direction protrusions 183 where the first window openings 143 are 
formed and the radial direction protrusions 184 on the radial outside of the second window 

10 opening 144. In other words, each notch 108c is formed by an outer edge 108d of the 

flange 108 and the rotational direction surfaces 183a and 184a of the protrusions 183 and 
184 respectively. When viewed from the stop pin 122, a first rotational gap 135 (^1) is 
defined between the stop pin 122 and the rotational direction surfaces 184a on the 
rotational direction Rl side, while a second rotational gap 136 (92) is defined between the 

15 stop pin 122 and the rotational direction surfaces 183a on the rotational direction R2 side. 
Thus, the stop pin 122, protrusions 183 and 184, and the notch 108c constitute a torsional 
angle stopper mechanism 1 86 of the clutch disk assembly 101 . 

[0026] The pin installation holes 153 through 157 on the clutch plate 1 12 and the 
retaining plate 1 13 are provided within the circumferential direction width of the notch 
20 108c. In other words, the notch 108c has a circumferential width that extends beyond the 
outermost parts of the multiple pin installation holes 153 through 157. As a result, the 
torsional stopper 186 can be materialized regardless of which pin installation holes are 
used to install the stop pins 122. 
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[0027] Each protrusion 184 is formed in correspondence with the second window 
openings 144 and their centers in the rotational direction coincide with each other. 
However, since the protrusion 184 can have a shorter rotational direction length when 
compared to the second window 144, the rotational direction surfaces 184a in that case are 
5 located inside of the rotational direction supporting parts 169 in the rotational direction. 
Thus, the notches 108c extend past a portion of the outer periphery side of the second 
windows 144, so that the stop pins 122 can move to a place radially outward of the second 
window openings 144. In other words, the stopper mechanisms 186, more specifically the 
stop pins 122, do not interfere with the second window openings 144 in the rotational 
10 direction. As a result, the torsional angle of the torsional angle stopper 186 is larger than 
that of the conventionally designed clutch disk assemblies. 
(4) Elastic connection mechanism 

[0028] As seen in Figs. 1 and 3, the elastic connection mechanism 104 is provided to 
transmit torque from the input rotational member 102 to the output rotational member 103 

15 and to absorb and attenuate torsional vibrations. The elastic connection mechanism 104 
preferably is made of a plurality of elastic members 1 30 and 131. This embodiment uses 
four elastic members 130 and 131. Each of the elastic members 130 and 131 are provided 
in the first window openings 143 and 144 as well as windows 141 and 142. The elastic 
members 130 and 131 are made of two kinds of elastic members, i.e., the first elastic 

20 members 130 placed in the first window openings 143 and the first windows 141, and the 
second elastic members 131 placed in the second window openings 144 and the second 
windows 142. The first elastic members 130 are coil springs that extend in the rotational 
direction; both ends of the coil springs in the rotational direction are supported by both the 
rotational direction supporting parts 147 of the first windows 141. Therefore, as seen in 
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Fig, 5, the rotational direction Rl side edge of the first elastic member 130 secures a 
rotational direction gap 139 (^15) between the first elastic member 130 and the rotational 
direction supporting part 165 of the first window opening 143, while the rotational 
direction R2 side edge of the first elastic member 130 secures a fourth rotational direction 
5 gap 138 (^6) between it and the rotational direction supporting part 165 of the first 
window opening 143. 

[0029] The second elastic members 13 1 are coil springs that extend in the rotational 
direction and are smaller in the rotational length and the coil diameter, having a smaller 
spring constant (lower rigidity) compared to the first elastic members 130. Both rotational 

10 direction ends of each second elastic member 13 1 are supported by both rotational 

direction supporting parts 150 of the second window 142. Therefore, as shown in Fig. 9, 
the rotational direction R2 side edge of the second elastic member 131 secures a rotational 
direction gap 140 (^16) between it and the rotational direction supporting part 150 of the 
second window opening 144, while, as seen in Fig. 5, the rotational direction Rl side edge 

15 of the second elastic member 131 secures a third rotational direction gap 137 (^5) between 
it and the rotational direction supporting part 169 of the second window opening 144. 
(5) Intermediate rotating member 

[0030] As seen in Fig. 1, an intermediate rotating member 110 (second rotating 
member) is a member provided in such a way as to be able to allow relative rotation 
20 between the input rotational member 102 and the output rotational member 103. The 
intermediate rotating member 1 10 engages the output rotational member 103 in the 
rotational direction and forms a second fiiction generating unit 171 (to be described later) 
between it and the input rotating member 102. The intermediate rotating member 1 10 is 
preferably made of a bush 151 and a plate 152. 
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[0031] The bush 151 is an annular member placed between the inner periphery of the 
clutch plate 1 12 and the flange 108 and is typically made of a plastic material. The bush 
151 extends axially toward the transmission, and has a protrusion 151a that extends 
through the radial direction concave part 164a of the first window opening 143. As shown 
in Fig. 10, the rotational direction length (angle) of the protruding part 151a is smaller than 
the rotational direction length (angle) of the radial direction concave part 164a, so that the 
protruding part 151a is movable within the radial direction concave part 164a in the 
rotational direction. In a neutral condition shown in Fig. 10, a rotational direction gap 182 
(^15) is secured between the rotational direction Rl side edge of the protruding part 151a 
and the rotational direction Rl side wall of radial direction the concave part 164a, while a 
rotational direction gap 181 (^16) is secured between the rotational direction R2 side edge 
of the protruding part 151a and the rotational direction R2 side wall of the radial direction 
concave part 164a. Consequently, the flange 108 and the intermediate rotating member 
1 10 are rotatable to each other within a specified angle, and the protruding part 151a and 
the concave part 164a constitute the torsional angle stopper of a first damper mechanism 
159 (to be described later). 

[0032] Referring again to Fig. 1, the plate 152 is a member placed between the flange 
108 and the retaining plate 113 and is typically made of sheet metal. The plate 152 
engages with the protruding part 151a of the bush 151, so that both members 151 and 152 
rotate together. As seen in Fig. 5, the protruding parts 152a are formed extending radially 
outward on the outer periphery of the plate 1 52. A bent tongue 1 52b is formed to extend 
axially toward the engine side on the edge of each protruding part 1 52a on the rotational 
direction R2 side. The bent tongue 1 52b is separated fi-om the rotational direction concave 
part 165a of the first window opening 143 by an angle of ^15 in the rotational direction R2, 
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and abuts or is close to the rotational direction Rl side edge of the first elastic member 130. 
Therefore, the bent tongue 152b will be closed in the concave part 165a when it moves 
toward the hub 106 by an angle of ^15 in the rotational direction Rl, and supports the 
rotational Rl side of the first elastic member 130 together with the rotational direction 
5 support part 165. Under this condition, the tongue 152b is sandwiched between the 
rotational direction support part 165 of first window opening 143 on the rotational 
direction Rl side and the edge of the second elastic member 131 on the rotational direction 
Rl side. Thus, the tongue 152b can move away fi-om the flange 108 in the rotational 
direction R2 side but cannot move toward the rotational direction Rl side. 

10 [0033] As seen in Fig. 9, the rotational direction Rl side edge 152c of the protruding 
part 152a is provided close to the rotational direction R2 side edge of the second elastic 
member 131 as shown in Fig. 9, and secures a rotation gap 133 (^4). 
[0034] Referring to Fig. 1 , as can be seen fi-om the above, the bush 151 and the plate 
1 52 not only abut each other in the axial direction, but also engage each other in the 

1 5 rotational direction to constitute a single member (the intermediate rotating member 1 1 0) 
that rotates as a unit. Since the axial distance between the bush 151 and the plate 152 is 
larger than the axial thickness of the flange 108, both axial sides of the flange 108 are 
interposed by the members 151 and 152. Thus, the intermediate rotating member 1 10 is 
made of two members, i.e., the bush 151 and the plate 152, and the bush 151 has a 

20 protruding part 151a that engages with the plate 152. Hence, it is possible to omit the 

auxiliary pin in the prior art design, resultantly reducing the number of parts and the total 
cost. 

(6) Friction generating mechanism 
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[0035] The clutch disk assembly 101 further includes a friction generating mechanism 
179 provided for functioning in parallel with the elastic connection mechanism 104. The 
friction generating mechanism 179 has a first friction generating unit 170 to generate low 
hysteresis torque and a second friction generating unit 171 to generate high hysteresis 
5 torque. 

[0036] The first friction generating unit 170 is provided to generate the hysteresis 
torque in the entire region where the elastic connection mechsinism 104 is operating, i.e., 
on both of the positive and negative sides of the torsional characteristics. As seen in Fig. 6, 
the first filction generating unit 1 70 is equipped with a first bush 1 72 and a first cone 

10 spring 173. The first bush 172 and the first cone spring 173 are provided between the 
inner periphery part 108a of the flange 108 and the inner periphery part of the retaining 
plate 113. The first bush 172 is preferably a washer-like member and has a fiiction 
surface that abuts the inner periphery 108a of flange 108 on its transmission side in the 
axial direction in such a way as to be able to slide. The first cone spring 1 73 is placed 

15 axially between the first bush 1 72 and an inner periphery part of the retaining plate 113. 
Further, the first cone spring 1 73 is axially compressed. Due to the structure of the first 
fiiction generating unit 170 as described above, the first bush 172 rotates together with the 
clutch plate 112 and the retaining plate 113 and is pressed against the flange 108 in the 
axial direction due to the elastic force of the first cone spring 1 73 and is capable of sliding 

20 in the rotational direction. 

[0037] The second fiiction generating unit 171 is equipped with a second bush 176 
and a second cone spring 177. The second bush 176 and the second cone spring 177 are 
placed between the center part of the plate 152 and the inner periphery of the retaining 
plate 1 13 in the axial direction, in other words, on the radial outer side of the first bush 



-23- 



1 72 and the first cone spring 173. The second bush 176 has a friction surface that abuts 
the center part of the plate 152 on its transmission side in the axial direction. The second 
bush 1 76 has a protrusion that extends in the axial direction from its annular main body 
and penetrates into an opening formed in the retaining plate 113. Due to this engagement, 
5 the second bush 1 76 is movable in the axial direction, but is not rotatable relative to the 
retaining plate 1 13. The second cone spring 177 is placed axially between the second 
bush 1 76 and the inner periphery of the retaining plate 113 and is axially compressed 
between them. A concave part is formed on the inner periphery of the second bush 1 76 
for the protrusion extending from the first bush 172 to engage therewith in the rotational 

10 direction, and this engagement makes it possible for the first bush 172 to rotate together 
with the second bush 176 and the retaining plate 113. Due to the structure of the second 
friction generating unit 171 as described above, the second bush 176 rotates together with 
the retaining plate 113 and the clutch plate 1 1 2 are pressed against the intermediate 
rotating member 1 10 in the axial direction due to the elastic force of the second cone 

15 spring 177 and are capable of sliding in the rotational direction. The hysteresis torque 
generated by the second friction generating unit 171 is substantially larger (10-20 times 
larger) than that generated in the first friction generating imit 170. 
(7) First damper mechanism 

[0038] Referring to Fig. 1 1, the first damper mechanism 159 will be described below. 
20 The first damper mechanism 159 is a mechanism that elastically connects the intermediate 
rotating member 110 with the hub 106 in the rotating direction, and is intended to absorb 
and attenuate minute torsional vibrations during idling by realizing characteristics of a low 
rigidity in the zero angle vicinity of the torsional characteristics. In other words, the 
elastic connection mechanism 104 is a second damper mechanism 160 (elastic connection 
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mechanism) for absorbing and attenuating torsional vibrations during the normal running 
of a vehicle. 

[0039] The first damper mechanism 159 primarily is made of a small coil spring 161 
and a plate spring 162 (plate member). The small coil spring 161 transmits torque 
5 between the intermediate rotating member 1 10 and the hub 106 and generates a desired 
rigidity by being compressed in the rotational direction when the two members rotate 
relatively. The plate spring 162 generates a friction resistance when the intermediate 
rotating member 1 10 and the hub 106 rotate relatively. 

[0040] The small coil spring 161 is provided radially inside the second elastic member 
10 131 . Moreover, the coil diameter and jfree length of the small coil spring 161 are 

substantially shorter than those of the second elastic member 131 and their center positions 
match approximately in the rotational direction. Therefore, both ends of the small coil 
spring 161 in the rotational direction are located inside second elastic member 131 in the 
rotational direction. The small coil spring 161 is stored inside a window opening 8e of the 
1 5 inner periphery 8a of flange 8 as shown in Fig. 6. In other words, both ends of the small 
coil spring 161 are supported by both ends of the window opening 8e in the 
circumferential direction. Moreover, the spring support parts 15 le and 152e are provided 
on both the bush 151 and the plate 152. The spring support parts 151e and 152e are 
concave parts indented axially outward on the axial inner side surface of each member and 
20 support the small spring 161 on its outside in the axial direction and both sides in the 

rotational direction. In other words, both ends of the small coil spring 161 in the rotational 
direction are supported by both ends of the spring supports 151e and 152e in the rotational 
direction. The window opening 108e can be provided connective with the second window 
opening 1 44 or independently. 
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[0041] As shown in Fig. 7, the plate spring 162 is provided inside a groove 15 If 
formed on the transmission side (the plate 152 side) in the axial direction of the protruding 
part 1 5 1 a of the bush 151. The groove 1 5 1 f extends in an arc-like shape in the rotational 
direction as shown in Fig. 10, and both ends thereof open to the rotational direction. The 
5 plate spring 162 has an axial height substantially equal to that of the groove 15 If and 
extends along the groove 1 51 f in an arc-like shape in the rotational direction. The plate 
spring 162 is compressed in the radial direction in the groove 15 If. Both ends of the plate 
spring 162 in the rotational direction are pressed against an outer peripheral side wall of 
the groove 15 If Further, the middle portion of the plate spring 162 in the rotational 

1 0 direction is pressed against the inner peripheral side wall of the groove 1 5 1 f. Moreover, 
the rotational direction length (angle) of the plate spring 162 is greater than the rotational 
direction length (angle) of the groove 151 f, so that both ends or one end of the plate spring 
162 is protruding from the groove 151f, i.e., the protruding part 151a in the rotational 
direction. The rotational direction angle of the plate spring 162 is smaller than the 

15 rotational direction angle of the radial direction concave part 164a, and secures a rotational 
direction gap 158. The torsional angle of the rotational direction gap 158 is 617, and the 
value of 017 in this embodiment is preferably 4 degrees. Inpig. 10, the rotational 
di?§?tion gap 158 is shown between the end of the plate sipring 162 oil the rotational 
idirection Rl side and Ihe wdW of the^ c^ 

20 side. The rotational direction gap may appear on pe<>Eposite side or on both sides in the 
rotational direction. In other words, the rotatioiiiad ^re^tionigap is secured between at least 
One of the ends of the plate meniber 162 and the ^ya^l of the concaye portion 164a. In a 
different way of explaining about the above-mentioned structure, the intermediate rotating 
member 1 1 0 has a protruding part 1 5 1 a as a holding portion with a groove 1 5 1 f extending 
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in the rotational direction and having opposite openings. Furthermore, the plate spring 
162 is accommodated within the groove 15 If. The plate spring 162 is longer than the 
groove 1 5 If in the rotational direction. The flange 1 08 of the hub 1 06 includes the 
concave portion 164a with tiie walls as a pair of contaetjppiii are located ori 

5 each rotational dk^ of the protruding part 1 M a a^ with the ends of the: 

piate spring 162 J 
(8) Rotating direction gap 

[0042] With reference to Fig. 5, the relationships among the various torsional angles 
of the rotating direction gaps 135 through 137 and others will be described below. It 

10 should be noted that specific numerical values shown below are only examples used 
for the sake of explanation and are not meant to limit the invention. 
[0043] The first rotational gap 1 35 represents the total torsional angle on the positive 
side of the torsional characteristics of the clutch disk assembly 101 and its size is 
represented by 61. The specific numerical value of ^1 is preferably 23 degrees, but the 

15 invention is not limited by the numerical value. The second rotational gap 136 

represents the total torsional angle on the negative side of the torsional characteristics of 
clutch disk assembly 101 and its size is represented by $2. The specific numerical value 
of ^2 in this embodiment is preferably smaller than 61, and more preferably is 13 
degrees. Therefore, the sum of 61 and 62 represents the total torsional angle of the 

20 clutch disk assembly 101. 

[0044] The third rotational gap 1 37 represents the torsional angle prior to the 
compression of the second elastic member 131, starts on the positive side of the torsional 
characteristics, and its torsional angle is represented as ^5. In this embodiment, the 
specific value of 65 is preferably 12 degrees. The value of the torsional angle of the 
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region where the second elastic member 1 3 1 is compressed is and OS is d\ - 62, 
Consequently, the second stage of the positive side of the torsional characteristics includes 
the first region (7-12 degrees) where only the first elastic members 130 are compressed 
and the second region (12-23 degrees) which is a region larger than the first region and in 
5 which both the first elastic members 130 and the second elastic members 131 are 

compressed in parallel, thus achieving the multiple stage feature in the second stage of the 
positive side of the torsional characteristics. 

[0045] The fourth rotational direction gap 138 is the torsional angle until the first 
elastic member 130 starts to be compressed on the negative side of the torsional 

10 characteristics. The torsional angle of the fourth rotational direction gap 138 is expressed 
as 66, and the specific value of 66 is preferably 9 degrees. If the value of the torsional 
angle of the region where the first elastic member 130 is compressed is named ^3, then 
66 is 62 -63. Consequently, the second stage of the negative side of the torsional 
characteristics includes the third region (2-11 degrees) where only the second elastic 

15 members 131 are compressed and the fourth region (11-13 degrees) which is a region 

larger than the third region and in which both the first elastic members 130 and the second 
elastic member 131 are compressed in parallel, thus achieving the multiple stage feature in 
the second stage of the negative side of the torsional characteristics. 
[0046] A rotational direction gap 139 is secured between the rotational direction 

20 supporting part 165 of the first window opening 143 on the rotational direction Rl side 
and the rotational direction Rl side edge of the first elastic member 130. As seen in Fig. 
10, a rotational direction gap 182 is secured between the rotational direction Rl side edge 
of the radial direction concave part 164a of the flange 108 and the rotational direction Rl 
side edge of the protruding part 1 5 1 a of the bush 151. The torsional angles of the 
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rotational direction gap 139 and the rotational direction gap 182 are both ^15 and the 
specific value of 015 is preferably 7 degrees in this embodiment. As seen in Fig. 9, a 
rotational direction gap 140 is secured between the rotational direction supporting part 165 
of the first window opening 143 on the rotational direction R2 side and the rotational 
5 direction R2 side edge of the first elastic member 130. Referring again to Fig. 10, a 

rotational direction gap 181 is secured between the rotational direction R2 side edge of the 
radial direction concave part 164a of the flange 108 and the rotational direction R2 side 
edge of the protruding part 151a of the bush 151. The torsional angles of the rotational 
direction gap 140 and the rotational direction gap 181 are both ^16 and the specific value 

10 of ^16 is preferably 2 degrees in this embodiment. 

[0047] Thus, the operating angle range of the first damper mechanism 1 59 is fi-om 
torsion angle 0 degrees to ^15 on the positive side and to ^16 on the negative side as 
shown in Fig. 1 1 . Moreover, within the operating angle of the first damper mechanism 
159, the rigidity is provided primarily by the small coil spring 161, and the small 

15 hysteresis torque is obtained by the plate spring 162 slides on the groove 151f of the bush 
151. 

[0048] The rotational direction gap 133 is a rotational direction gap to prevent the 
torque of the second elastic member 131 fi-om acting on the second friction generating 
unit 171 on the negative side second stage of the torsional characteristics. The torsional 
20 angle of the rotational direction gap 133 is 64, and the value of 04 in this embodiment is 
preferably 4 degrees. 
(9) Torsional characteristics 

[0049] Next, the torsional characteristics of the clutch disk assembly 101 is described 
using schematic drawings of the damper mechanism shown in Fig. 1 1 and Fig. 12 as well 
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as a torsional characteristic diagram shown in Fig. 13. The specific numerical values 
shown in Fig. 13 are disclosed as examples of those of an embodiment of the present 
invention and should not be construed to limit the invention. 

[0050] First, an operation of the positive side region of the torsional characteristics 
5 will be described, in which starting from a neutral position shown in Fig. 1 1 , where the 
input rotational member 102 is fixed, the hub 106 is twisted in the rotational direction R2 
(as a result, the input rotational member 102 gets twisted relative to the output rotational 
member 103 in the rotational direction Rl). 

[0051] In the region where the torsional angle is the smallest, only the first damper 
10 mechanism 159 operates. More specifically, the small coil spring 161 is compressed in 
the rotational direction between the bush 151, the plate 152, and the flange 108. At this 
time, the plate spring 162 slides over the wall of the groove 1 51 f of the protruding part 
15 la being pressed by the rotating direction wall of the radial direction concave part 164a. 
When the rotating direction Rl side edge of the concave part 164a abuts the rotational 
1 5 direction Rl side edge of the protruding part 151a, the motion of the first damper 

mechanism 1 59 stops. Moreover, when this torsional angle is ^17, the rotating direction 
support part 165 of the first window opening 143 on the rotational direction Rl side abuts 
the rotational direction Rl side edge of the first elastic material 130, and the concave part 
165a abuts the bent tongue 152b of the plate 152. From thereon, the bent tongue 152b is 
20 kept pressed onto the concave part 165a by the rotational direction Rl side edge of the 
first elastic member 130. 

[0052] When the torsional angle fiirther increases, only the second damper mechanism 
160 operates. In a region where the torsional angle is small, the two first elastic members 
130 are compressed. When the absolute value of the torsional angle becomes larger than 
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65, the rotational direction support parts 169 of the second window openings 144 on 
the rotational direction Rl side abut with the side edge of the second elastic members 
131 in the rotational direction RL From thereon, the two first elastic members 130 are 
compressed in parallel with the two second elastic members 131, thus providing a high 
5 rigidity characteristic. Also, the first friction generating unit 170 and the second friction 
generating unit 171 operate, thus providing a high hysteresis characteristic. In the second 
friction generating unit 171, the intermediate rotating member 110 rotates together with 
the flange 108 in the rotational direction R2 as the bent tongues 152b are pressed against 
the rotational support parts 165 of the first window openings 143 on the Rl side, and 

10 slides relative to the clutch plate 112 and the second bush 176. 

[0053] In the positive side of the torsional characteristics, the bent tongues 152b of the 
intermediate rotational member 1 10 are constantly pressed against the rotating direction 
support part 165 of the first window opening 143 on the rotation direction Rl side by the 
first elastic members 130 when minute torsional vibrations enter the clutch disk assembly 

15 101. Therefore, the intermediate rotating member 110 cannot rotate relative to the flange 
108, and the elastic forces of the elastic members 130 and 131 consistently act on the 
second jfriction generating unit 171 via the intermediate rotating member 1 10 even when 
minute vibrations are being inputted. In other words, when the input rotating member 102 
and the output rotating member 103 rotate relative to each other, the second friction 

20 generating unit 171 consistently acts and generates high hysteresis torque on the positive 
side of the torsional characteristics. 

[0054] Next, an operation of the negative side region of the torsional characteristics 
will be described, in which, starting from a neutral position shown in Fig. 12, where the 
input rotational member 102 is fixed, the hub 106 is twisted in the rotational direction Rl 
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(as a result, the input rotational member 102 is twisted relative to the output rotational 
member 1 03 in the rotational direction R2). In the region where the torsional angle is the 
smallest, only the first damper mechanism 1 59 operates. More specifically, the small coil 
spring 161 is compressed in the rotational direction between the bush 151, the plate 152, 
5 and the flange 108. At this time, the plate spring 162 slides over the wall of the groove 
15 If of the protruding part 151a being pressed by the rotating direction wall of the radial 
direction concave part 164a. When the rotating direction R2 side edge of the concave part 
164a abuts the rotational direction R2 side edge of the protruding part 151a, the motion of 
the first damper mechanism 159 stops. Moreover, when this torsional angle is ^16, the 
10 rotational direction support part 169 of the second window opening 144 on the 

rotational direction R2 side abuts the rotational direction R2 side edge of the second 
elastic member 131. 

[0055] When the torsional angle further increases, only the second damper mechanism 
160 operates. In a region where the torsional angle is small, only the two second elastic 

15 members 131 are compressed and a lower rigidity is achieved in comparison with the 
positive side. Also, the first fiiction generating unit 170 and the second fiiction 
generating unit 171 operate, thus providing a high hysteresis characteristic. At this time in 
the second fiiction generating unit 171, the intermediate rotating member 110 rotates 
together with the flange 108 in the rotational direction Rl and slides relative to the second 

20 bush 176 as the protruding part 151a of the bush 151 is pressed to rotational direction R2 
side edge of the radial direction concave parts 164a. Since the intermediate rotating 
member 110 rotates together with the hub 106 as described above, the rotational angle 64 
of the rotational direction gap 133 is secured between the rotational direction R2 side edge 
of the second elastic member 131 and the edge 152c of the plate 152. 
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[0056] When the absolute value of the torsional angle becomes ^6, the rotational 
direction support parts 165 of the first window openings 143 on the rotational direction 
R2 side abut with the side edge of the first elastic members 130 in the rotational 
direction R2. From thereon, the two first elastic members 130 are compressed in parallel 
5 with the two second elastic members 131. As a result, high rigidity and high hysteresis 
torque torsional characteristics are achieved. 

[0057] As can be seen from the above, the second elastic members 131 are 
compressed only within the range of torsional angle &1 (which is smaller than the positive 
side total angle 91) in the positive side of the torsional characteristics, the angle 

10 compressed on the positive side is equal to the angle compressed on the negative side 

(negative side total angle). In an altemative embodiment, the angle that the second elastic 
members 131 are compressed on the positive side can be selected to be smaller than the 
angle that they are compressed on the negative side (negative side total angle). Such an 
altemative of choosing the angle of compression of the second elastic members 131 to be 

15 no greater than the angle of compression on the negative side (negative side total angle), 
the second elastic members can be of a low rigidity and a low torque capacity. As a result, 
the shape of the second elastic member 131 can be made smaller than that of the first 
elastic member 1 30 as mentioned before, thus making it easier to place the second elastic 
member 131 radially inside the operating range of the stop pin 122. 

20 [0058] Next, with reference to a torsional diagram shown in Fig. 13, the torsional 
characteristics will be described for various torsional vibrations entering clutch disk 
assembly 1 . When a torsional vibration with large amplitudes such as the 
forward/backward vibration of a vehicle occurs, the torsional characteristics go through 
repetitive variations over both the positive and negative sides. In this case, the 
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forward/backward vibrations will be attenuated quickly through hysteresis torque that 
develops on both the positive and negative sides. 

[0059] Next, let us assume minute torsional vibrations enter the clutch disk assembly 
101 resulting from the engine combustion fluctuations during a deceleration period 
5 accompanying engine braking. At this time, the load on the elastic member 131 does not 
act on the plate 152, i.e., the intermediate rotating member 110, for minute torsional 
vibrations within the torsional angle 64, so that intermediate rotating member 110 
develops neither any relative rotation in relation to the plates 1 12 and 1 13 in the second 
friction generating part 171, nor any sHde on the clutch plate 1 12 and the second bush 176. 

10 In other words, hysteresis torque (hysteresis torque by means of the first friction 

generating unit 1 70) is much smaller than the hysteresis torque on the negative side, and is 
obtained in the range of the torsional angle 04, The hysteresis torque within 64 should 
preferably be in the range of 1/10 of the hysteresis torque of the total range. As can be 
seen from the above, the vibration and noise level during a deceleration period 

15 accompanying engine braking can be substantially reduced as a rotational gap is provided 
for preventing the second friction generating unit 171 from operating within a specified 
angle on the negative side of the torsional characteristics. 

[0060] Since a rotational direction gap for preventing the second friction generating 
unit 171 from operating within a specified angle is not provided on the positive side of the 
20 torsional characteristics, the noise and vibration performance in the vicinity of resonance 
rpm does not deteriorate, for example, on a FF car, in which it is rather difficult to 
eliminate resonance peaks completely from the practical rpm range. Since rotational gaps 
are provided for preventing the fiiction mechanism from operating within a specified 
angle only on one of the positive and negative sides of the torsional characteristics, the 
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noise and vibration performances in both acceleration and deceleration improve. As 
described above, the damper mechanism according to this invention not only uses different 
torsional rigidities on the positive and negative sides of the torsional characteristics, but 
also has a structure that prevents high hysteresis torque against minute torsional vibrations 
5 on one side of the torsional characteristics, preferable torsional characteristics can be 
achieved as a whole. 

[0061] Let us also assume that minute torsional vibrations enter the clutch disk 
assembly 101 during idling. In such a case, only the first damper mechanism 159 operates 
to provide low rigidity and low hysteresis characteristics. Consequently, the torsional 

10 vibrations are absorbed and attenuated, thus preventing odd noises during idling. In 

particular, the plate spring 162, which is a friction generating mechanism, does not operate 
for minute torsional vibrations of torsional angles less that 6\1, even if the phenomena are 
within the first stage region of the torsional characteristics, so that hysteresis will be even 
smaller, as shown in Fig. 14. As a consequence, a super low hysteresis or a no-hysteresis 

15 condition is achieved within the range of 611 in minute torsional vibrations during idling, 
while a slightly larger, in other words, intermediate hysteresis can be achieved on both 
sides of the condition. 

ClM^S , As shown in Fig. 10, the plate spring 162 is provid(id in 151f of th^ 

Misfe 151 lii the first damper mectoaflism l^ resistance 
20 generating mechanism^ thus the following advantages are realized:; 

(1) Since a single plate spring 1:62 is used to con^tittib tK^^ generating 
tochanism of the first damper mechanism 159, the number of g^^s isjinnm and a 
simpler structure is achieved. 
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(2) Since the plate spring 162 is held by the bush 1 51^, a space saving structure is 
achieved. Especially, since the spring plate 1 62 is acconunodated in the grooye 1 51 f of the 
bush 151, the space saying effect is improved. 

(3) Since the load and friction coefficient are dependent on the plate spring 162 
5 ialone, it is easier to set the of frictional resistance in jthe first daniper mechanism 

^< 

P) Since the load is generated in the radius direction by the use of the plate spring 
}l 62 ■ the structure is simpler compared to the conventional xiesigQ whSceih the load is 
genergited in the axid directioiS 
1 0 (5) Ilbie size^ M su^ hysteresis generating .regiOnljSSe^iSt stag 

be? adjusted by simply chfflgijrig the rotational direction length of the plate spring 1 62j 

16) In cohvghtiond frictioh 
resistance is dipici^ 

jthose cases, flie activation of the second stage spring in tfie^ cifltvenioMi desi^ producer 
15 feise when ato additional lo^^ the engine during idling by activating power 

steeria^^ and rotation fluctuation becomes large: Ihe present invention^ 

Im^^GTi prev^nte#0ise^4^^ generating a sliding hysteresis torque with the plate; 

spring 162 J 

ALTERNATE EMBODIMENTS 
20 [0063] Altemate embodiments will now be explained. In view of the similarity 

between the first and altemate embodiments, the parts of the altemate embodiments that 
are identical to the parts of the first embodiment will be given the same reference numerals 
as the parts of the first embodiment. Moreover, the descriptions of the parts of the second 
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embodiment that are identical to the parts of the first embodiment may be omitted for the 
sake of brevity. 

In the above-nagntioned embodmient, the plate spring 162 is a plate made of metal,' 
5 especially of steel, the^plate spring e^ be made of other materialsi 

In an ernfeqdi^d^^ and Fig. 16, a plate sjmng jol 

member 202 and a second mem The first member 202 is preferably made of resiri,' 

and the second member 203 is preferably made of metal. The first raembet 202 extends iri 
an arc shape and has an arc main body 202a and supporting portions 202b e^tend^^ 

10 radially inward Jrom each^eiit of Sie main body 202a. The secoMm^ 

substantially straight in a free state in Fig. 1 5 such that both ends are in contact with and 
supported by the supporting .por tions 202 b. As a result, the secprid hfembe r 203 is held bn 
thejradiMa^ 262; in other words, the plaiej^piring^^ 

K^s^ mdigtl^^^ surface miade of Sie first member 202 and a radidil^y iiiiier sxirfabfe 

1 5 niade of the second member 205 j 

As shown in Fig. 1 6,_when t^^^ spring 201 is installed into the g-oove 15 If of 
the protruding part 1 Sla, th^|second m^^ 203 bends such that the centrai portion in 
rotational direction moves radia% to the ends in i^e 

airection. Further, the firsFmeml>ir 202tends such that Si^ndS^ 

20 direction moves radiaUy invs^d cqm^ to the central portiori in the rotational direction J 
In the end, the first meinteer ^^^ a radially outward wall of tiie groove; 

151f and the second rnember 203 is iu:ge^^^^ a radially inward wall of the groove 

151f! 
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The basic function and effect of tiie plate spring 201 are the same as those of the 
plate spring 1 62 in the above-mentioned embodiment Since the plate member 201 is 
composed of two components, it is possible to realize proper spring force and friction 
coefficient by properly combining components of different materials. Especially, since the 
5 first member 202 is made of resin, it is easy to realize a proper friction coefficient by 
selecting the proper materials. 

In the other embodiment shown in Fig. 17 and Fig. 18, the plate spring 207 is 
preferably made of resin having a first layer 209 and a second layer 210. The first layer 
209 extends in arc shape. The second layer 210 covers a whqk surface of tiie first layer 
1 0 209 and is integrally formed with the first layer 209. In other words, the second layer 21 0 
encompasses the first layer 209. The plate spring 2^^ arc shape in a free 

state as shown in Fig, 17. 

As shown in Fig. 18, when the plate spring 207 groove 151f of 

the protruding part 151a, the plate spring 207 bends such that thie ends in the rotational 
1 5 direction move radially inward compared to the central portion in the rotational direction. 
In the end, the central portion of the plate spring 207 in the rotational direction is urged 
against a radially inward wall of the groove 15 If and the ends of the plate spring 207 in 
the rotational direction are urged against a radially outwm-d wall of tiie groove 151fj 

The basic function and^effect of the plate spring 207 are the same as those of the 
20 plate spring 162 in the above-mentioned embodiment. Since the plate spring 207 is 

composed of two resin materials, it is possible to realize proper spring force and friction 
coefficient by properly combining components with different resin materials. Preferably, 
materials of the first layer 209 are selected considering elastic coefficient, and materials of 
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the second layer 210 are selected considering spring coeffiGient, so that it is possible to 
achieve the most appropriate combination. 

[0064] The structure of the clutch disk assembly to which this invention is applied is 
not limited to the embodiment described above. For example, the invention can be applied 
5 to a structure connected by a damper where the flange and the boss of the hub are 
separated. 

[0065] The damper based on this invention can be applied to mechanisms other than 
the clutch disk assembly. For example, it can be applied to a d'amper mechanism 
elastically connecting two flywheels in the rotational direction as well. 

10 [0066] As used herein, the following directional terms "forward, rearward, above, 
downward, vertical, horizontal, below, and transverse" as well as any other similar 
directional terms refer to those directions of a vehicle equipped with the present invention. 
Accordingly, these terms, as utilized to describe the present invention should be 
interpreted relative to a vehicle equipped with the present invention. 

15 [0067] The term "configured" as used herein to describe a component, section or part 
of a device that is constructed and/or programmed to carry out the desired function. 
[0068] Moreover, terms that are expressed as "means-plus function" in the claims 
should include any structure that can be utilized to carry out the function of that part of the 
present invention. 

20 [0069] The terms of degree such as "substantially," "about," and "approximately" as 
used herein mean a reasonable amount of deviation of the modified term such that the end 
result is not significantly changed. For example, these terms can be construed as including 
a deviation of at least ± 5% of the modified term if this deviation would not negate the 
meaning of the word it modifies. 
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[0070] This application claims priority to Japanese Patent Application Nos. 2003- 
075952. The entire disclosures of Japanese Patent Application Nos. 2003-075952 are 
hereby incorporated herein by reference. 

[0071] While only selected embodiments have been chosen to illustrate the present 
5 invention, it will be apparent to those skilled in the art from this disclosure that various 
changes and modifications can be made herein without departing from the scope of the 
invention as defined in the appended claims. Furthermore, the foregoing descriptions of 
the embodiments according to the present invention are provided for illustration only, and 
not for the purpose of limiting the invention as defined by the appended claims and their 
10 equivalents. Thus, the scope of the invention is not limited to the disclosed embodiments. 
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